The synthesis of C-substituted and N-substituted pyrrole is described by the reaction of phenacyl bromides, pentane-2, 4-dione and amine in aqueous medium using DABCO as a catalyst. The method is very convenient and applicable for alkyl as well as aryl amines and phenacyl bromides. The procedure is amenable for the synthesis of new substituted pyrroles. Moreover, aqueous medium makes the method more eco-friendly.
Introduction
The pyrrole ring is found in porphyrin, bile pigment and in bioactive natural products [1] [2] [3] . Pyrrole oligomers also have applications as conducting material [4, 5] . Due to their diverse potential applications in biological and pharmaceutical activities [6] [7] [8] [9] , there is a continuous interest for the synthesis of pyrroles by simple methods, though there are numerous methods [10, 11] known. Three components coupling of amines, aldehydes and nitroalkanes catalyzed by SmI 2 is reported lead to pyrroles in fair yield [12] . Recently, a synthesis of pyrroles was accomplished by the multicomponent reaction of phenacyl bromide, amine and pentane-2,4-dione in presence of β-cyclodextrin in H 2 O [13] . However, the reported method has limitations to phenacyl bromide and aryl amines. In addition, some of the procedures need longer reaction times, catalyst and higher boiling solvents or chlorinated solvent which eventually result in the generation of substantial amount of wastes. In view of this, there is need to explore the systematic study of this approach to evolve a general method using environmentally benign solvent.
Recently, more emphasis is given to formulate the reactions based on green chemistry principles [14] . Particularly, to avoid the use of toxic and chlorinated hydrocarbon solvents because of direct concern with environmental hazardous. The use of aqueous medium is an intriguing step in organic reactions which was attracted the increasing interest because of environmental and economical issue [15] . In this context there is significant research awareness to revisit the organic reactions in aqueous medium because it is safest and abundantly available solvent. Very recently, 1,4-diaza-bicyclo[2.2.2]octane (DABCO) has emerged as a promoter for various organic reactions [16] [17] [18] [19] [20] [21] . It is an organic base acts as nucleophile, exceedingly soluble in water.
In continuation of our research [22] [23] [24] [25] [26] [27] [28] program to develop environmentally friendly reactions, herein we wish to report a simple, practical and general three component reaction for the construction of pyrrole derivatives by the reaction of substituted phenacyl bromide, aryl/alkyl amines with pentane-2,4-dione in aqueous medium in the presence of DABCO (Scheme 1).
Results and Discussions
The initial reaction of phenacyl bromide (1 mmol), phenyl ethylamine (1 mmol) and pentane-2,4-dione (1 mmol) in water (5 ml) at room temperature gave low yield (20%) of corresponding pyrrole even after stirring for extended time (10 hr). Even after heating the reaction mixture at 60˚C for 5 hr did not improve the yield. However, the reaction was forced to completion by the addition of catalytic amount of DABCO (10 mol%) and desired pyrrole was isolated in high yield (84%).
After extensive screening of the mole ratio (5, 10, 15 mol%) of DABCO, we found that 10 mol% was suitable for maximum conversion of product. The increase in the mole ratio of DABCO did not improve the yield. Among the solvents like, water, THF, DCM, methanol, water appears to give the best result. This remarkable improvement by the catalytic activity of DABCO provided an incentive for further study of reactions with other amines. We have studied the reaction of various substituted anilines and phenacyl bromides to demonstrate the generality of method and the results are summarized in Figure 1 . Aromatic amine bearing electron donating substituents like, methoxy (entries 9 and 10), hydroxy (entries 7, 8 and 25), smoothly reacted with phenacyl bromides to furnish desired product in high yield. Similarly, halogen substituted anilines (entries 11, 12, 15, 16, 18, 19, 20, 23 and 24) reacted analogously with phenacyl bromides and resulted into expected pyrroles in good yield. In addition to this, the reaction of benzylic amines with phenacyl halides underwent smoothly to give pyrroles under optimized conditions [26] . For example, benzyl amine (entry 13) and phenyl ethylamine (entries 5 and 22) also reacted analogously under standard condition to afford expected product in high yield. Next we examined the aliphatic amine having different length of alkyl chains. The reaction of methylamine (entries 2 and 21) gave methyl substituted pyrroles in good yield. However, alkyl amines with chain length C 4 to C 8 (entries 3 and 4) gave moderate yield of pyrrole. It was noted that the order of reactivity of aliphatic amine decreases as the chain length increases. Further, the application of this protocol was extended to substituted phenacyl bromides. 4-Bromophenacyl bromide (entries 20 -25) and 4-phenyl substituted phenacyl bromide (entry 19) reacted with anilines afforded high yield of expected product. The present method provided useful alternative over earlier slurry methods in terms of reaction time and yield for the same transformation. In addition to this, the present method avoids the use of metallic base or expensive reagents. The method is clean and products were obtained in high yield. It is also worthy to mention that the protocol provides access for the synthesis of new functional pyrroles which are not prepared earlier (entries 2 -5, 7, 8, 11, 15, 16, 18 -25) (Figure 1) . Possible mechanism for the formation of pyrrole is shown in the Scheme 2. We presume that initially pentane-2,4-dione 2 reacts with amine 3 to form the unsaturated amino ketone 5 and tautomerised to form intermediate 6 [29, 30] . DABCO reacts with phenacyl bromide 1 and forms quaternary salt 7 [31] 
General Procedure
A mixture of phenacyl bromide (1 mmol), acetyl acetone (1 mmol), amine (1 mmol) and DABCO (5 mol%) was stirred in 5 ml water at 60˚C for the stipulated time (Figure 1) . After completion of the reaction, as indicated by TLC, the reaction mixture was diluted with water and extracted with ethyl acetate (2 × 10 ml). The combined organic layers were washed with brine solution and dried over Na 2 SO 4 . The organic layer was concentrated under vacuum and the resulting product was directly charged on a silica gel (Merck, 60 -120 mesh) column and eluted with a mixture of ethyl acetate/n-hexane (1:9) to afford the corresponding pure product. All the products were characterized by IR, mass and NMR spectroscopy. 16.
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Conclusion
In summary, we have demonstrated a simple, general practical approach for the synthesis of substituted pyrroles. The method is applicable for a variety of alkyl, aryl and benzylic amines as well as for substituted phenacyl halides which can provide easy access to required substituted pyrroles. The method avoids the metal containing toxic waste and thus makes the procedure more advantage. Moreover, the use of aqueous medium makes the procedure more eco-friendly.
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